; ro ae 
3 al 
CO ge 3 ee 2 


LD 
2⁰⁰⁵ 


TY 
1956 
W 36 


Or: 
Document 


TABLE OF COMMENTS 


F 
LITERATURE Seer ee eee eee eee eee eee 666 
un Phosphorus 6o00060sseceeseeneseocecesecesoce 
Inos toi rr 


e . 


Preparation of Sorghum drain Samples „„ 
Preparation of Solution of Caletun Piytate for 
Hydrolysis 


UtijttD- iii Dt ip Pip PR htt eth eee eee eee ee ee ee | 


Extraction an Precipitation of Phytin eee eeeeones 
Determination of Phytin Phosphorus sesceceseseoscee 
Determination of Tnoehtol sscecccsecuveceseessoense 
RESULTS AND DISCUSSION gscccsccecvovevecessenucsoesecece 1 
tration 6 6 6 6666 606666666 Ll 
Phytin Plospherus .. „6 6 00% 0% 6% 12 
Phytin Inoshtol .. „„ „ „„ ee 6 66% 1 
Phytin Content of Sorghum Grains 655656522 66 „ „ LD 
SUMMARY SSSSASSSHH SRS HHEHETHEHEHEHHOTH SCHERER HHH SCHE GEES 23 
ACEMOVIZDGHENTS scvnvevccseccscenseceouneesevenesscceese 23 
D 26 


S O @ „ § 


— in the plant Kinglom, cecurring reinetpally in the 
pericarp of seeds, The phosphorite seid combined vith the inositol 
probably functions as a reserve phospherus supply, to be used 
during germination prior to the absorption of phosphorus from the 
804. 

Phytide acid is capable of forming complemes with certain 
cations ani has been used as a retal inactivating agent, or 
scavenger, in various imlustrial processes, The inositol portion 
of phytin is of baochertonl interest, having been ehown te be 
"ios 1% Gasteott, 9), a substance necessary for normal reproduc- 
tion of yeast colis. It is also a dietary essential which pre~ 
vents the deposition of exeessive amounts of fat in the liver. 

The present industrial source of phytin is the steep liquor 
obtained during the processing of corn, As a part of an extensive 
research program concerned with sorgimm grains, it was of interest 
to determine the content ani distribution of phytin in these 
grains in order to ovaluate their mtritive value and potential 
industrial utilisation. 7 


. AR phpttny two. wars cow: avetianas 
for its estination. One 10 to estimate the phytin phosphorus, 
the other is to determine the phytin inositol. 
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ubner and Stadler (18) introduced a volumetric method for 
the determination of phytin which was based on the fact that 
phytin is converted to insoluble iron phytate in dilute acid 
solution on the addition of ferric chloride, The phytin was 
titrated quantitatively with ferrie chloride vith ammonium thio- 
cyanate as indicator, and the amount of plytin phosphorus was 
calculated from the amount of iron consumed by using the factor 
1.19. ‘They showed that inorganic phosphate ani glycerol phos- 
phate do not interfere with the titration unter the conlitions 
deseribed, Their work vas later reviewed anil confirmed ty 
Rather (27). However, Wrenshall ani Dyer (29), by titrating the 
sodium phytate isolated from a soil extract, found that the 
phosphorus-iron ratio vas betwoon 1.11 ami 1,26, Earley (8) 
studied the relationship of phosphorus am iron in iron phytste 
and found that the ratio was 0,833, which is almost the cane as 
the theoretical ratio obtained from the forma Cglig0a,P¢Fo, * 
30 (2,3) 

In addition to the variation in the phosphorus-iron ratio, 


— assostated vith thie notied to that a vidte 
precipitate forms which o 5 wes the eni«point, Averill ani 
King (+) suggested the use er mare concentrated iron chloride, 
Harris and Mosher (16) uedified the method by titrating until 
near tho enlepoint, filtering to remove the whitish precipitate, 
and thon completing the titration, Their work was modified 
further by Mone and Gandint (2+), who detected the eni-point 
by following the development of turbidity during titration with 
ferric chloride. Knowles and Watkin (19) and Lopes ani Moreno 
(21) proposed sodium salicylate as an inldcator because the vio~ 
let omiepoint so obtained was easier to detect than the yellow 
brown color obteined with ammonium thiocyannte. 

In order to avoid the diffieulties which are encountered in 
the ferr 10 chloride method described above, MeCance and Widdow- 
gon (22) estimated the phytin content of a wer of foodstuffs 
by precipitating the phytin as iron phytate, boiling the precipt- 
tate with sodium hydroxide, filtering out the ferrie hytvexide 
whieh formed, oxidizing the organic matter of the filtrate with 
concentrated sulfuric ani nitric acids, ami determining tho 
phosphorus content of the digest by the solybdemm blue method, 
A similar technique was employed by Young (31), The mothod of 
NeCance ani Widdowson was omployod by Pons gf gl. (26) for the 
determination of phytin in plant materials, Both Young and Pons 
reported that the precipitation of phytic acid by ferrie ion 4s 
quantitative, However, in the determination of phytin in wort 
ard beer, Essary (10) reported that application of heat to 
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“facilitate the precipitation markedly incroased co-proctpitation 
of inorganic phosphate, He eliminated the inorganic phosphate 
ty ro~procipitating the plytin three tims fron a 1/6 1 solution 
of hydrochloric acid ty the addition of ferrite chloride. 

on the other hand, a slightly different method of doternt- 
nation was employed by Michel-Durant (23), who precipitated both 
tate so obtained was dissolved in aquooup 10 per cont G, C0 


depends upon ite oxidation ly periodic acid and measurement of 
the amount of periodic seid eonsumed. The exact mechanion of 
cule is init@ally attacked at tuo points, with the formtdon of 
two moles of tartronie dialdelyde, The dialdohyle rapidly 
rearranges to hylronypyruvie aldehyle, which thon is cleaved to 
glycolic acid and formic acid. : 
N Me * ee TO 
ann ae 
Seen + WiIQ,——> 2HGO0H + 260 + 28,0 + eee, 


However, Fleury otatod thal ' 
glywolie atid 18 oxtdined comphebelly, According to Flewy, the 
amber of oxygon atone consumed por molecule of insite) 18 in 
the range 6.2 to 6,7, He re bed that variations in the rela- 
tive popertions of tunettel en pertedie acid, An pit G. 8-4. o, 
am in tenparature (0-90°C,) 444 mot affect the extent of the 
oxidation, Fleury and Regoukes (24) also cstinated insite! ta 
biological saterials by meamm@ding with a Warburg apparatus the 
carbon diode Wach 4s evolved during periodate oxidation, 
Platt and Glock (25) determined inositol by measuring the formic 
acid which ie liberated during the oxidation. 

Before the inositol can be determined, it first is ros 
sery to hytrolyze the phytin, ‘Tho hytrolysis usually 10 carried 
out in an acid medium, inasmich as hydrolysis is not complete if 
the solution 46 alkaline (Fleury, 15), Dede (6) estimated 
inositol with a biologteal method af ter refluxing the phytdn in 
18 por cent I for six hours, and he roperted that only ons- 
third of tho c, ted yield of inositol was obtained, Mleury 
(15) observed that the rate of hydrolysis of phytie acid varied 
with the pH, the im rate ceourring at pil 3, Hoggen ant 
Reith (17) hydrolysed phytin properations vith 35 per cent 1,80, 
for eight hours unler reflux conlition, A similar technique was 
employed by Tailly (5). However, Seligson, as quoted by linten 
dend (20), used a 9 por cent nd, solutdon at 160°C, for 
12 hours, and obtained only 89 per cont hytrolysis, 

Imiustrially, phytin is hydrolyzed in water solution unter 


6 
Pressures ss high as 85 pounds por square inch for five er six 
hours, ‘The bost yield of inositel under these eouiitions vas 
12913 per cont, as reported by Bartow and Walker (7). The theo« 


From the survey of the literature, it became apparent Wat 
the earlier mothods of determining phytin by titrating with 
ferric chloride were inadequate, since there was considerable 
A@isagreement concerning tho factor to be used for calculating the 
phosphorus equivalence of the ferric ion consumed, Apparently 
the phosphorus-iren ratio is affeeted by the conditions of pre- 
cipitation, It is probable that some ferric fon is sdeorbed by 
nomphytin cr game matter which is present, It vas concluded 
that a method involving preeipitation of plytin by ferric ion 
am dtrect determination of the phospherus content of tho ro- 
Gipitate would be the most precise. Such a method would elini~ 
nate the complications which arise due te the veriable consump 
tion of forrie fon. It scomed plausible thet measurement of the 
inositol content of the precipitate also would be a suitable 
means of determining phytin. A study was made of those two 
methods to determine their suitebility for estimating the phytin 
content of sr gu grains, 


„ aia shey notes the 
sorginn crain into five Srections: tan (cutermst seod~coat 
layers), tran fines (remaining seod~coat Layers), germ (onlryo), 
grits (enlosparn), and mill tines (emlosporn admixed with germ 
and wan fragments), 
grains, Tho erain was tenpared by adding 5 por cont water. 
After staniing for two hours, the grain vas detranned ty 
repeatedly passing it through a debranner until all the bran was 
removed, Usually 20 te 40 passes vere raquired, 

The tun fines were removed by sifting the sample on a 
on the screen was passed through an aspirator to remove the tran 
from the cracked grain. 

The decorticated grain next was sereened with a screen 
steek consisting of 9 and 20 mosh sereens, The "overs" of the 
Noch seroen wore passed through an impact mill. This process 
was repeated until 11 of the decorticated grain was fine enough 
to pass trough the eh sorcen, The fraction which passed 
fraetion retained by the 20-mesh screen was aspirated to remove 
any wan whieh might be present, This bran was added to the 
“etwannr’ tran, Tho material retained ty the 20-mesh sereon, 
consisting of gorm ani grit, was separated by means of differenes 


— on eSrsgiilabnseneter. 

The vhole grain ani its goaree fractions, gorn and grit, 
wore groumi ina Wiley milly equipped with a S- eh screen, 
The other fractions vere sutfiedently fina that thay required 
no further grinfing, ha 8 


Preparation of Solution of Caletum Phytate for Hydrolysis 


Two grams of commercial caleium phytate (Nutritional Mo- 
chemicals Corporation) was dissolved in 50 ml. of 0.6 per cont 
HCl, ani the solution was centrifuged to remove insoluble matter 
was diluted with 0.6 por cent HCl to 1000 ., ami the total 


Extraction ani Precipitation of Phytin 


A guitabie quantity of sample (for the determination of 
phytin phosphorus: 5 g. for whole rain an bran, 1 8. for gern, 
and 10 8. for mill fines; for the determination of aten: 
half of the above quantities) wan oxtracted with 30 nl. of 
2 per cent HCL by soaking at room temperature, with swirling at 
15 mimte intervals, for two hours, Tho mixture was sontedfuged 
to remove the solids, and the oxtract was further clarified by 
filtering it with suction through an asbestos pat. 

To 10 ml. of the extract in a centrifuge tube wore added 


10 M. of 0.3 por cont KOCH solution onl sufficient water to 
make the resulting solution approxim ly 0.6 per cont with 
respect to hyirochioric aed, Ferric chloride solution 

(0,002 g. of farrie fon por thy) wae added dropwise unttl a per- 
manent trown color due to rare thiocyanate vas formed, the 
mixture ves alloved to stand fur a half-hour ani then was contr4- 
fuged, Tho precipitate was washed tue with chout 20 nl, of 
0,6 per cent Iz, the wash solution being ronoved by centrifuging 
ani decanting, the buff colored precipitate (iron phytate) so 
obtained was analyzed for phosphorus or inositol as described 


Tho tron phytate precipitate was washed inte a 100 m. 
beaker with water. A fou drops of C W were added to dissolve 
the particles whieh adhered to the wall of the centrifuge tubs, 
ami the tube was rinsed with water. The solutdon was evaporated 
te dryness, 2 ml, of concentrated lis, ant 2 ml, of consentrated 
Hi, were added, and the mixture was heated to destroy the og 
nie matter, Additional nitric acid was added three tims to 
inewre complete oxidation, A few drops of perehioric acid wore 
added to expel the excess nitric seid. ‘The last trace of nitric 
acid finaliy was expelled by adding 20 nl, of water and evapo~ 
rating to a small volume, The residue was Gijuted to 250 mle, 
and 10 ml, of this solution vere used for the colorinetric 


determination of phosphorus by the A. O. A. 0. method (1), 

A 10 nl. aliquot was transferred to a 100 ml, volumetric 
flask, and three drops of a 0.2 per cent sodium alizarin gu- 
nate solution and exactly 5 mls of 0.5 N nach were added, Then 
sulfuric acid (1 N) was added until the solution just became 
yellow, Exactly 10 ml. of 8 per cent sodium bisulfite solution | 
was added, and the solution was heated in a boiling water bath 
for one how’, Ten ml. of diluted molybdermm blue reagent was 
added, and heating was contimed for exactly 20 mimtes, The 
solution vas cooled quickly, made to volume, and the intensity 
of the baue color was measured with a Beckman spectrophotometer 
at 650 m. 


Determination of Inositol 


One ml, of 6N Wi was added to the iron phytate in the 
contrifuge tube, ami tho tube was heated in a boiling water bath 
for a few mimtes to dissolve the phytate, Sufficient hot NaH 
(0.9) was added to precipitate the iron, The solution was f- 
tered and the residue was washed with hot water several times, 
The filtrate containing sodium phytate was adjusted to pH 2.8 
with diiute sulfuric acid, using a Beekman pf meter, ‘The solu» 
tion then was hydrolyzed at a pressure of 10 pounds per square 
inch for 15 hours. 

Ten ml. of O. ca Ma, were added to the hydrolyeate. The 
oxidation was carried cut at 30 4 100, for 12 hours, The solution 
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— % ny of autinatod NalEOyy tnt 5 aly of 8 
0.1 stented sodium arsontte solution vere added. vo al. of 
10 per cent KI wore added to serve as a catalyst. After five 
nites the excess arsenite was titrated with stanlard 0,09 N 
iodine solution, using starch as an inideator, The reaction was 
stamlardised by oxidising 1 mg. of pure Aol, ani from the 
amount of periodic acid consumed it was possible to caleulate 
the inositel content of the samples. 

The mubor of oxygen atoms consumed for each moleoule of 
inesttel also can be ealeulated, according to the following 
equation: 

Gig, + Ema, — Eοον + gem, 


RESULZS AM DISCUSSION 
Batraction 


Reported mothods for the quantitative extraction of phytin 
@iffer in acid concentration and tine of extraction, To detor- 
mine the best coniitions for removing phytin fron sorghum grain, 
extractions vere nade with 1 per cont aml 2 per cont A for om, 
two, ant three hours, as indented in Table 1. 

Mestimam oxteraction was obtained in one hour with 2 per cent 
1. ons per cont HCl was suitable only 47 the tine of extrac~ 
tion was more than two hours, on the basis of theso data, the 
extraction procedure selected for the remainier of this study 


with frequent swirling. There vas no advantage in using a 
shaker . e eee, ee e ee 
extracts wore very diffiolt to filter. 


Phytin Phosphorus 


In determining phytin by measuring tho phosphorus content 
of iron phytate, consideration met be given te (U) the com 
ploteness of isolation of phytin as iren phytate, ani (2) the 
possible interference of tron, In the letter case, it was fount 
that the iron omerted no interferemse on color formation vith 
nolytiierm bine reagent when an adequate quantity of sodium 
bisulfite was used (30). Two caliieation curves were prepared, 
one with and ome without iron being present, Prom Mg. 1 it 
will be soon that the to calibrations wore identical, 


OPTICAL DENSITY 


4 WITH IRON ADDED, 


Oo WITHOUT IRON ADDED, 


0. 0.2 0.3 0.4 0.5 
MG. Po Os 


Fig. 1. Calibration curve obtained with standard KH, PQ), 
solution. 


V. 
The isolation of phytin from the extract vs the next point 

to be consifered. Previously, the Asolation had been dom by 
ofding ferrie chloride ant heating to promte coagulation of the 
colloidal iron phytate. It was thought that heating might cause 
— of other GENE of ceitateable eibetennes 
beequent determination of inositol. 
tterefore, ;roetpttction of wen pliytate at room torporature vas 
etulied, Purified caletum phytate was analyzed for total phos 
phorus by the oxidation procedure, A sample of the caleium ply 
tate then vas subjected to the phytin phosphorus procedure, The 
results show (Tete 2) that the preatpitation of tron phytate at 

room temperature was quantitative. 


Table 2, Necovery of Phytin phosphorus fron caleium phytate 


Phytin Inositol 


In this study 4 was found, as Pleuwry bas shown, that 
inositol utilized somewhat nore than the theoretical quantity of 
oxygen for oxidation, The mumber of oxygen atoms consumed for 
@agh molecule of inositel varied from 6,2 to 6,8, which 10 in 


agreonent with the results of Fleury (Fig, 2), At 30°C, the 
entation vas comlete in twelve tours fn vater or elichtiy 
aide medium (pi 26). In : work 4d was found that 
ion tho oxidation vos carried out in a medium ot or below pl 
lsky low or erratic results were obtained. 

A study of the hydrolytie coniitions for the rolease of 
eonlitions incsitel is not released completely (Table 3). Tims, 
low values for both inositel ani phosphorus were obtained when 
hydrolysio was carried out at 15 pounds per square inch five 
howd at pH 1. % 2, am 3.9. ver, whon hydrolysis was com 
aud bed at pl 2.5 for 15 os at 10 pounds of pressure per 
square in¢h, good recoveries wore obtaimd, Under these on- 
tions, 96 por cont of the phosphorus ar 102 per cent of the 
inositol were liberated and measured, The inositel-phosphorus 
ratio waa 0.997, which compares favorably with the theoretical 
ratio of 0.968 for inositol hemphosphoric acid. 

Phytde acid may not oecur in nature emelusively ac the 
hemaphosphoric acid ester. Fr example, the tetraphosphoric 
acid ester has been reported to be present in wheat bran (Ma- 
sovnicka, 26), Tims, the phytie acid of gars grain also 
re e Cees Hey Cn Se ee fo determine 
this, it was necessary to obtain the inositel~phosphx 
of highly purified phytic acid isclated from gor au. grain. 
Such a ratio was wedoed also for detecting posailile precipi-+ 
tation of nomplytin phosphorus along with iron phytate during 
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analysis of graham extracts. 

Phytic acid was isolated from sorghum grain as bam phy» 
tate according to the procedure of Pischler ani Karten (11). 
The procedure consisted of oxtragting phytic acid with 2 per 
cent I ami adding barium chloride and sodium acetate to the 
extract to cause precipitation of barium phytate. The pro- 
tate vas @issolve’ in I am the precipitation vas repeated 
several times to reuove impurities. The final product was 
crystalline in nature. Analysis of the barium salt so obtained 
showed it to contain 25.96 per cont phytin phosphorus, 1,00 per 
cent inositol, an no inorganic phosphate, The inoeitel- 
phosphorus ratio was 0,989, indicating that the phytic acid of 
gor um groin is inositol hexaphosphate. 

The phytin inositol content of a few samples of sorghum 
grain was determined, The fron phytate whieh was precipitated 
from the sorgimm extracts vas transformed into sodium phytate 
by additéon of MOH ani filtration to remove ferric rende. 
This was necessary in order to oliminate the interference of 
won in the subsequent oxidation of inositol. 

The percentage of phytin ino tal in the whole grain 
ranged from 0,20 to 0,27 per cent (Table +), The average ratio 
ef ust ten to phosphorus vas 0.97, which is in good agreoment 
with 0. 909 obtained with the barium phytate deseribed above, 
These ration imldeate that with the phytin phosphorus nothod 
employed, nomphytin phosphorus dad not appear in the final pro- 
eipitate, If nomphytin phosphorus hed been present, tho 


Tate 4, ‘Inositel ant bean Phosphorus content of viele gie 
— 0. 26 1.00 
pant 0496 


0.95 


0.28 


en 0.21 
S8 dem 0. 


inositel-phosphorus ratios would have beon appreciably lower. 
The good agreement between the values obtained by the tw 
methods shows thet the phytin phosphorus determination is a 
reliable method, Since it is somewhat simpler than the inositol 
determination, it alone was employed for determining the ptetan 
content of various fractions of sorgimm grains. i 


geet 


06% 


The phytin phosphorus of seven ver 104 of sorgimm grain 
aml of their fractions was determined (Tate 5). The whole 
grain ranged from 0.20 to 0,37 per cont, Western Miackimll com 
taining the greatest amount ani Cody the least. Most of the 
phytin phosphorus was in the gorm, the values ranging from 0,% 
par cont (7350 Cody) to 1.91 per cent ( Westland.) Tho 
dran was the next highest, containing an average of 0,32 per 
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cents In some eases, as for Cody and Pink Kafir, the values for 
the germ appear low ani these for the mill fines appear high, 
This presumably 1s due to verations in dry niiling, eh 4n 
turn depents partially on the nature of the grain. Apparently, 
larger amounts of germ appear dn the mili fines with som 
samples. 

Tt will bo tod that moh of the geld soluble phosphorus 
was in the form of tan. The percentage of phytin phosphorus 
For the whole grain, it ranged from 72 to 91 per cent; for germ, 
81-96 por conts for bran, 76-87 por cent; for grits, 40-89 per 
cent; ani for mill fines, G89 per cent, 

rom these data, it was eontluded that the phytin phosphorus 
content of sorghum grains is similar to that of corn (Pons gi aL. 
26), tho principal commercial source of phytin at the present 
time. ‘The a soluble phosphorus of corn else is principally 
phytin phosphorus, about 60 per cent of it boing in this form, 


The phytin content of corgimm grains ani their fractions 
was determined by measuring phytin phosphorus, and in a feu cases 
by determining phytin imositel also, Good agreement was obtained 
between the two methods, FPhytin wae isolated quantitatively as 
ferric phytate at room temperature from 0,6 per cont 1 
extracts of sorgimm grains by the addition of ferric chloride, 


a 


The ferric phytate co obtained was Geconpose! by oxidation vith 
1,90, am 10105, ani the phosphorus was determined by the xolyb- 
dem blue method, The won ald not interfere vith color ger- 
nation with this reagent, = 

nete bela of sorgtum grain was Asolated as barium phytate, 
end analysis of this conpount fur phosphorus and inositel shoved 
the phytie acid to be inositol hexaphosphate. 

Seven varieties of cer hn grain ani their fractions vere 
analyzed for their phytin content, The phytin phosphorus con 
tent of the whole grain ranged from 0,20 to 0. 37 per cent. The 
germ contained the greatest amount, the values being 0,9 to 1.92 
per cont, The bran contained about 0,32 per cent, while the 
grit contained about 0,06 per cont, Most of the acid soluble 
phosphorus of the sorgium grains was in the form of phytin, 
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As a part of an extensive resoareh program concerma with 
sorghum grains, it was of interest to determine the content ani 
distribution of phytin in these grains in order to evaluate thor 

The plytin content of sorghum grains ani their fractions 
was determined by measuring Pin phosphorus, and in a few 
eases by determining phytin inositol also. The methods of ana- 
lysis were established by using caleiunm phytate isolated from 
corn, Phytic acid was precipitated quantitatively as ferric 
phytate at room temperature from 0,6 per cent solutions by addie 
tion of ferric chloride, The ferrie phytate sc obtained was 
decomposed by oxidation with F, ani , and the phosphorus 
was determined by the molybdemm blue method. The iron did not 
interfere with color formation with this reagent. 

Por the determination of inositol, it was also necessary 
to igolate phytin as ferric phytate. The ferric phytate was 


2 
wangen into eodium siytate Wy tho aldttion of sodium be- 
wide, and the phytate vas Wat WH 2.5 for 15 tows ats 
pressure of 10 pounds por agus : 
was estimated by oxidation with perde 
was 0. 997, which compares fg oral, y 
of 0,968 for inositel acid 
2 „%% Dati, etl anangets ot 
P 
tol hexaphosphate also, 

In estimating the phytin content of sorghum grain, phytic 
acid was extracted by soaking the sample with 2 per cent Hl 
for one hour, with frequent swirling. Hetze acid was precipi~ 
tated fron the extract as described above, ani either phosphorus 
or inositel determinations were carried out on the precipitate, 

Seven varieties of sorgium grains and their fractions wore 
analysed for their phytin content, ‘Tho phytin phosphorus con- 
tent of the whole grain ranged from 0.20 to 0,37 per cent, The 
germ eontained the greatest amount, the values being 0.5% to 
1.91 per cent, The bran contained about 0. 32 per cent, vile 
the grits contained about 6,06 per cent, Most of the acid 
soluble phosphorus of the sorghum grains was in the form of 
phytin, 


